NGC 6067 is a young open cluster hosting the largest population of evolved stars among known Milky Way clusters in the 50 -150 Ma age range. It thus represents the best laboratory in our Galaxy to constrain the evolutionary tracks of 5 -7 M stars.
INTRODUCTION
Stellar clusters are excellent laboratories for the study of stellar evolution because all the stars in a cluster are formed from the same interstellar cloud, at roughly the same time with a similar chemical composition. Their evolution, thus, will mainly depend on their initial mass. In very populous clusters, such as globular clusters, all the evolutionary stages are represented, and stellar evolution can be directly inferred. On the contrary, in young open clusters, generally • 13 06 ; = 329.
• 75, b = −2.
• 21]. It is well known for hosting two classical Cepheids (Eggen 1983; Anderson et al. 2013 ): V340 Nor and QZ Nor. Thackeray et al. (1962) , hereinafter Th62, performed the first complete study of this cluster, combining U BV photometry, spectral classification and radial velocity.
The age of NGC 6067 is not well known yet and hence, one of the main goals of this work is the determination of a reliable cluster age by using independent methods. Different studies place it in the 50 -150 Ma range. On the one side, the confirmed membership of V340 Nor (a Cepheid with a period of 11.3 d) and the integrated spectrum of the cluster suggest an age around 50 Ma (Santos & Bica 1993) . On the other side, according to the spectral classification published by Th62, the most complete to date, NGC 6067 is similar to the Pleiades in age, which at that time was assumed to be around 150 Ma. Recently, Majaess et al. (2013) with new photometry obtained a younger age (80 Ma) that fits the brightest cluster members (i.e. B-type and red giants).
Already in 1962, Th62 suggested that NGC 6067 looked like a "young populous cluster". Mermilliod et al. (2008) confirmed via radial velocity measurements the membership of 14 luminous cool stars, most of which have been classified in the past, based on photographic spectra, as K Ib supergiants. The cluster is known to contain a large population of evolved stars: 14 B giants, at least two A/F supergiants, two Cepheids (F/G supergiants) and 12 late-G/early-K giants. Despite this richness, only one paper contains stellar atmospheric parameters and chemical abundances for a few members (Luck 1994) . In this paper we fill this gap by determining parameters and chemical abundances for several dozen stars. In particular, we want to characterise those stars located in the upper main sequence as well as the more evolved population, as a way to evaluate agreement between atmospheric models developed to study hot stars and those usually applied to cool stars. Moreover, the high number of evolved stars in NGC 6067 allows its use as a probe to test different theoretical stellar evolutionary models with a large, homogeneous population.
Given the moderately short distance to NGC 6067 (2.1 kpc according to Th62) and the high number of members, a very accurate Gaia distance is expected in the near future. With its young age and large population of evolved members, NGC 6067 may become a reference point for the study of intermediate-mass stars. In this paper, we set out to derive accurate stellar and cluster parameters and explore this potentiality. The paper is organised as follows: in the second section we describe the data used, both the photometric and the spectroscopic observations. In Sect. 3 we explain the methodology followed to perform a complete study of the main parameters of the cluster, as well as the atmospheric parameters and chemical abundances for the observed stars. We also present in this section the results obtained, whereas in Sect. 4 these are put in context and compared to those of previous authors. Finally, in Sect. 5 we summarize the main results and conclusions of our work.
OBSERVATIONS AND DATA

Spectroscopy
We obtained high-resolutionéchelle spectra using FEROS (Fiber Extended Range Optical Spectrograph) mounted on the ESO/MPG 2.2-metre telescope at the La Silla Observatory, in Chile. FEROS (Kaufer et al. 1999 ) covers the wavelength range from 3500 to 9200Å, providing a resolving power of R = 48 000. This spectral region is covered in 39 orders, with small gaps between the orders appearing only at the longest wavelengths. The spectra were taken during four consecutive nights in 2011 May, 10 -13 under programme 087.D-0603(A). The exposure times ranged from 600 to 4800 seconds to achieve a typical signal-to-noise ratio of around S/N ≈ 70 -80 for blue stars in the classification region (4000 -5000Å) and S/N ≈ 90 -100 for the cool stars (6000 -7000Å). Later, in May 2015, under programme 095.A-9020(A), we observed the star HD 145175 (star 229 in Table 1 ) with the same instrument. To complete our sample, we took from the ESO Archive Raw Data spectra of QZ Nor, observed originally in 2007 under programme 060.A-9120(B). In total, we have spectra for 48 stars. Figure 1 displays all the stars observed on a chart of the cluster.
The spectroscopic reduction was performed using the feros-drs pipeline based on midas routines comprising the usual steps of: bad pixel and cosmic correction, bias and dark current subtraction, removal of scattered light, optimum order extraction, flatfielding, wavelength calibration using Th-Ar lamps exposures, rectification and merging of theéchelle orders.
Photometry
In order to complement the spectroscopic data we used the BV photometry of An et al. (2007) , downloading it from the WEBDA database 1 (Netopil et al. 2012) , from which we adopted the numbering of the stars. An et al. (2007) provide photometry for the highest number of stars, 1070, as they compiled values from Th62 and Walker & Coulson (1985) putting them on the same scale, with the latter as reference.
We completed our dataset with JHKS photometry from the 2MASS catalogue (Skrutskie et al. 2006) . We selected stars with good-quality photometric flags (i.e. without any "U " flag). Stars inside a wide circle of radius 30 around the cluster centre were taken with the aim of determining the size of the cluster. All photometric data for stars with spectroscopy are displayed in Table A1 , in the appendix.
RESULTS
Cluster membership
Throughout Sect. 3 we carry out an analysis of our observations together with archival photometry. We mainly rely on radial velocities (Sect. 3.3) to evaluate cluster membership. Then, according to the positions in the colour-magnitude diagrams (Sect. 3.4) and chemical abundances (Sect. 3.9), we confirm or discard likely members among the spectroscopically observed stars (see Table 1 ).
Spectral classification
We obtained high-resolution spectra for the brightest stars in the cluster. We selected likely blue members from Th62 and confirmed evolved members from Mermilliod et al. (2008) . To make sure that we were not leaving out member stars of comparable brightness, we applied the criteria described in Negueruela & Marco (2012) over the 2MASS data to select more targets. We chose early-type stars using their QIR index (Negueruela & Schurch 2007) . We identified possible red luminous members by combining their QIR index with their positions in the KS/(J − KS) diagram. In total, we observed 48 objects, most of which are B-type stars. For the analysis, we divided the sample in two groups: the blue stars (i.e. stars with B and A spectral types) and the cool stars (the latetype stars, with G and K types). All the targets are listed in Table 1 together with their main characteristics: name (NGC 6067, when possible following the WEBDA numbering), equatorial coordinates referred to epoch J2000.0 (R.A., Dec.), spectral type, exposure time (texp), signal-to-noise ratio (SNR), radial velocity (V rad ), cluster membership (Member, yes or not) and peculiarity notes for some stars (Notes).
Blue stars
We took spectra of the blue stars in the field of NGC 6067 to study the upper main sequence and the main sequence turnoff point (MSTO). We classified them by comparison with high-quality standards from the IACOB spectroscopic database 2 (Simón-Díaz et al. 2011a . We followed classical criteria of classification in the optical wavelength range (4000 -5000Å) according to Jaschek & Jaschek (1987) . For most of our stars, with mid-and late-B types, the ratios Si ii λ4128-30/He i λ4144 and Mg ii λ4481/He i λ4471 are the main classification criteria, together with the profiles of the Balmer lines, which depend on effective gravity, and so can be used to evaluate luminosity class. For the earliest stars, with types around B2 -B3, we used instead the ratios Si ii λ4128-30/ Si iii λ4553, Si ii λ4128-30/He i λ4121, N ii λ3995/He i λ4009, and He i λ4121/He i λ4144 (Walborn & Fitzpatrick 1990) . We found 30 B-type and three A-type (one of which is not a member) stars. The objects observed cover almost the whole B spectral type, although most of them lie in the B7 -B8 range (see Fig. 2 ).
We find the MSTO close to spectral type B6. Three of the stars studied (see Table 2 ) have earlier spectral types and lie brighter and bluewards of the MSTO (Figs. 6 and 7). These objects are good candidates to blue-straggler stars (BSS). Six of the B-type stars observed are emission-line stars (Be); two of them present a shell profile (see Table 2 ). This number represents a fraction of Be stars to total (B+Be) of about 21 per cent. Especially remarkable is star 290. It exhibits strong emission that will greatly hinder subsequent analyses, since the stellar atmosphere modelling may be severely affected by the emission characteristics due to circumstellar material. In Fig. 3 , we show the Hα and Hβ line profiles for all the emission stars.
In addition, we found three spectroscopic binaries (see Fig. 4 and Table 2 ), in which we can identify both companions (i.e. SB2). Two of them consist of two late B stars, while the third pair is formed by one blue and one red star. Given the asymmetric shape of their lines, stars 274, 287 and 1796 are likely binaries too, but we cannot confirm their nature with just one spectrum. Finally, star 1006, with a spectral type A3 V, is as bright as the B-type giants, and therefore cannot be a cluster member, but rather is a foreground star. Figure 2. Typical spectra (degraded to R = 4 000 for a proper comparison with the spectral-type templates) of the blue stars in NGC 6067, covering almost the entire B spectral class. The most important lines are marked (except the Balmer lines, the four deepest). 
Red stars
There are spectra for 15 red stars, most of which are late-G and early-K (super)giants. To classify them we focused on the near-infrared wavelenght range (8400 -8900Å), around the Ca ii triplet. The triplet weakens towards later spectral types and lower luminosity classes (Jaschek & Jaschek 1987) , but many other classification criteria are available in this range. In addition, the Mg i triplet (5167, 5173, 5184Å) is very useful for the stars in our sample because of its sensitivity to luminosity (Jaschek & Jaschek 1987; González-Fernández et al. 2015) . The two Cepheids were also observed, presenting spectral types G2 Iab (V340 Nor) and G1 Iab (QZ Nor). Figure 4 . High-resolution spectrum of star 271, a new spectroscopic binary. Three regions are shown in detail at the top:
Si ii λ4128 -30 (left), He i λ4471 and Mg i λ4481 (middle) and He i λ4922 (right). As seen in the inset, and especially noticeable in the Si ii region, lines appear double, and thus it is possible to observe both components. Tables 5 and 6 for blue and red stars, respectively.
Radial velocities, referred to the heliocentric reference frame of rest were obtained through Fourier crosscorrelation. For blue stars we used the fxcor task within the iraf package 3 . The spectrum of each star was correlated against a template spectrum and the correlation peak was fitted with a Gaussian function. As a template we used a previously generated grid of theoretical stellar spectra, which were convolved with rotational and instrumental (Gaussian) profiles using the fortran routine rotin3 in the synspec software (Hubeny & Lanz 2011) . We restricted our attention to the range between 4000 and 5000Å. For the fast rotators the Hβ and Hγ lines were masked in order to improve the correlation. Given the low reddening, diffuse interstellar bands are not visible in the spectra, and so masking them was not necessary. There are no telluric lines in this spectral range either. For red stars, we employed instead the iSpec software (Blanco-Cuaresma et al. 2014) , especially designed for the study of cool stars, computing the cross-correlation against a list of atomic line masks from asteroids observed with the NARVAL spectrograph.
The radial velocity (RV) obtained for all the stars observed is displayed in Table 1. In the case of cool stars we are reaching the instrumental limit (≈ 20 − 30 m s −1 ) thanks to the carefully selected mask list. These errors are computed following Zucker (2003) . In contrast, errors for B-type stars are larger because they have high rotational velocities and the error in RV is proportional to the width of the cross-correlation peak, which depends on the (projected) rotational velocity. In fact, for fast rotators (v sin i > 200 km s −1 ), the errors obtained in the correlation exceed 10 km s −1 (see Table 1 ). In order to calculate the average (heliocentric) radial velocity of the cluster, we used a two-sigma-clipping statistics obtaining a RV = −39.5 ± 0.9 km s −1 and a velocity dispersion, σ rad = 1.5 km s −1 . This value is compatible with those presented in other studies but more reliable, as we used a much larger sample. Th62, by using only four stars, give a value of RV = −39.8 ± 0.8 km s −1 whereas Mermilliod et al. (2008) obtained RV = −39.4 ± 1.0 km s −1 with very accurate measurements of ten cool stars. We do not find any dynamical structure within the cluster. There are no obvious correlations between radial velocity and position, at least up to the distance covered by our observations, around 10 from the cluster centre.
We have considered as members those stars whose radial velocities are within 3σ of the cluster mean (see Fig. 5 ). According to this, we can only discard the membership of stars HD 145139 and 229 (in addition to star 1006, mentioned in Sect. 3.2.1). Star 271 presents a discrepant velocity, below −30 km s −1 , but this is an SB2. Another outlier is star 274, with a more negative radial velocity, v rad = −66.6 km s −1 . However, as mentioned, this star is also likely a binary. We have selected all the remaining stars (45), as likely members, and used them to estimate the main cluster parameters.
Cepheids, as is well known, are variable stars, showing variations in their spectral type and radial velocity. How- ever, Majaess et al. (2013) provide, based on data from the literature, the whole velocity curve for both cluster Cepheids, deriving their mean radial velocities, RV = −40.3 ± 0.2 km s −1 for QZ Nor − which further, according to Anderson (2014) , presents a modulated RV curve − and RV = −39.3 ± 0.1 km s −1 for V340 Nor. These velocities match well the average value for the cluster, thus confirming the membership of both. Obviously, the velocities measured for the Cepheids in this study have not been used for calculating the cluster average.
HR diagram:
Reddening and determination of distance and age
Reddening
From the spectral types and the observed (B − V ) colours of B-type likely members without emission lines or companions, 13 stars in total, we obtain the colour excess for individual stars. The intrinsic colours (i.e. (B − V )0), as a function of spectral type, were adopted from Fitzgerald (1970) . In Table 3 we display the results obtained, which correspond to a mean colour excess for the cluster of E(B−V ) = 0.35±0.04 (the uncertainty is expressed in terms of the rms; see Table 4 for a comparison with results by other authors). This mean value will be used for dereddening the colour-magnitude diagram (CMD) in Sect. 3.4.2. We performed analogous calculations with photometry from 2MASS and the calibration by Straižys & Lazauskaitė (2009) , specific for 2MASS photometry. The resulting mean colour excess, derived from 19 stars, both hot and cool, is E(J − KS) = 0.21 ± 0.05. For a standard reddening law, we should expect E(J − KS) = 0.546 E(B − V ) 0.19, fully compatible with our value. 
Fitting isochrones
We employed the isochrone fitting method to determine simultaneously the age and distance of the cluster. We fit isochrones by eye to the dereddened CMD, that is, the observational CMD corrected for reddening and absorption. Since we find an iron abundance [Fe/H] = +0.19 (see later; Sect. 3.9), we resorted to Padova isochrones (Marigo et al. 2008) , which are available for super-solar metallicity. The isochrones are computed using a Kroupa initial mass function (IMF) corrected for unresolved binaries (Kroupa 2001) . We choose the value of Z with the approximation [M/H] = log (Z/Z ), with Z = 0.019 for Marigo et al. (2008) tracks. We identify as the best-fitting isochrone that which can describe best the MSTO and the position of the red giants, paying special attention to likely members determined via radial velocity.
In Fig. 6 we show the MV /(B − V )0 diagram and the best-fit isochrone. There are 33 of our likely members with photometric values in An et al. (2007) . Most of them lie very close to the isochrone, but there are a few exceptions: the Cepheid V340 Nor (see the latter discussion, Sect. 4.5.1), the binary star 316 (because of the very different colours of its two components: K2 Ib + B), and the two most luminous red stars -star 275 (with spectral type K3 Ib-II) and especially star 261 (K2 Iab-Ib) that lies significantly above the isochrone. All these stars have RVs compatible with membership. From this fit we can derived a log τ = 7.95 ± 0.10 and a distance modulus µ = 11.30 ± 0.15. These errors show the range of isochrones that give a good fit. Figure 7 shows the MK S /(J − KS)0 diagram with photometry from 2MASS. Optical data are restricted to a smaller field of view centred on the cluster core, whereas 2MASS is all-sky. We thus show all 45 likely members (solid circles in Fig. 7 ) for which we have spectra, including the 12 red luminous members. The position of these evolved stars in the red clump and the blue loop fits the isochrone quite well. The position of the MSTO is in good agreement as well, and only the Cepheids and the stars HD 145324 (A5 Ib-II, too bright for the isochrone), 290 (B5 shell) and 261, again, fall away from the isochrone. The best fit corresponds to the values log τ = 7.95±0.10 and µ = 11.20± 0.15 (where errors are estimated as in the previous fit.)
Since the results of the optical and infrared photometry are compatible within the errors, we take the average, and thus derive an age of log τ = 7.95 ± 0.10 (corresponding to τ = 90±20Ma) and a distance modulus µ = 11.25±0.15 (i.e. d = 1.78±0.12 kpc). It is important to point out that in both CMDs the isochrone reproduces very well the position of the red stars (equivalent to the clump), but not the Cepheids. We will come back to this in Sect. 4.5.1. Distance estimates for NGC 6067 range between 940 pc (Trumpler 1930 ) and 2.1 kpc (Th62). Walker & Coulson (1985) provide the deepest BV colour-magnitude diagram for the cluster (including photometry for 1019 stars), from which they determined a distance of 1.6 kpc. Based partly on 2MASS, Turner (2010) obtains a distance of 1.7 kpc, which Reference Thackeray et al. (1962) 0.33 ± 0.07 2.10 ± 0.30 Walker (1985) 0.35 ± 0.01 1.62 ± 0.07 An et al. (2007) 0.34 ± 0.03 1.61 ± 0.06 Majaess et al. (2013 Table 4 ). Our value for the cluster age is compatible with all previous determinations. Th62, comparing the CMD of NGC 6067 with those of other galactic clusters, suggested that its age was similar to that of the Pleiades. Mermilliod (1981a) based on the shape of the CMD and the presence of BSSs, Cepheids and bright red giants with luminosity class II, also included NGC 6067 in the Pleiades age group. Mermilliod (1981b) estimated for this group a turnoff point at spectral type B6, as we have found for NGC 6067 in this work. Santos & Bica (1993) measuring the EW s of the Balmer lines and, more recently, Majaess et al. (2013) using new BV JH and Padova isochrones obtained a similar value (log τ = 7.89 ± 0.15), even if the age of the Pleiades is now believed to be ≈ 120 Ma old. With an age just short of 100 Ma, NGC 6067 is the oldest cluster containing K0 -K2 Ib-II supergiants (see the discussion in Negueruela & Marco 2012) .
Centre and cluster radius
To determine the cluster centre and radius, we made use of the 2MASS photometry, because of its uniformity and spatial coverage. This allows us to obtain reliable data on the projected distribution of stars for a large extension around the nominal centre of the cluster. Since the centre is the location of maximum stellar density, it was found by fitting two separate Gaussians to the profiles of star counts, one in right ascension and the other in declination (Tadross 2005b) . The estimated centre lies at α = 243.2925±0.008
• and δ = −54.2424±0.008
• . Our result presents a small offset from the nominal value (this work − nominal) of ∆α = −0.2±0.5 and ∆δ = −1.4 ± 0.5 .
Traditional values for the cluster diameter vary from 15 to 32 (Th62). Majaess et al. (2013) , confirmed the membership in the cluster of QZ Nor at a position some 20 from the centre, suggesting the existence of a larger halo. We evaluated the stellar density profile, ρ(r), from direct star counts in concentric annuli around the cluster centre up to a reasonable distance of 30 arcmin (see Fig. 8 ). The cluster is situated in a very rich region, and distinguishing it properly from the background is difficult. When simply counting stars, the density is almost constant at 26 stars/arcmin 2 . To solve this difficulty, we used bright B-type stars as tracers of the cluster extent. The selection was made by choosing the stars that complied with these conditions: 9.5 < KS < 11.5, −0.1 < (J − KS)0 < 0.2 and QIR < 0.125 (Negueruela & Schurch 2007) . To this end, we used the average colour excess and the distance modulus calculated in the previous subsection. Now the cluster is clearly enhanced and we can fit the density profile to a three-parameters King-model (King 1962) :
where ρ0 is a constant, rc is the cluster core radius and rt is the tidal radius. The core radius is defined as the radial distance at which the value of density becomes half of the central density. The tidal radius is the distance at which the cluster disappears in its environment. We performed a Bayesian curve-fitting, obtaining these angular values: rc = 3.6 +2.1 −1.1 arcmin and rt = 14.8
The uncertainties correspond to the 5 and 95 percentiles of the posterior distribution of the parameters provided. These values correspond to physical sizes rc = 1.9 +1.2 −0.7 pc and rt = 7.7 +4.0 −2.2 pc respectively. This radius is slightly larger, but compatible within errors, than the 12.3 ± 1.3 arcmin calculated by Piskunov et al. (2008) . All the stars observed in the present work are inside this radius. The Cepheid QZ Nor is located ≈ 20 arcmin from the cluster centre, and so it lies within the tidal radius upper limit, possibly in the halo, as suggested by previous works Majaess et al. 2013; Anderson et al. 2013 ).
Luminosity function and total mass
Once we fixed the cluster tidal radius, we chose all the 2MASS sources inside this radius. On a 2MASS CMD, see Figure 9 . Dereddened 2MASS CMD showing the best-fitting Padova isochrone. All the 2MASS sources inside the cluster tidal radius are represented as blue dots. We have selected as likely members (filled red circles) those stars whose position on the CMD is closer than (J − K S ) 0 = ±0.1 to the isochrone. Fig. 9 , we selected as likely cluster members those stars close enough to the expected location on the CMD. On average, we chose a value of (J − KS)0= ±0.1 from the Marigo isochrone used in Sect. 3.4.2. After this, we counted the stars selected as a function of the absolute magnitude J using magnitude bin intervals with a size of ∆J = 0.5 mag.
Before analysing this luminosity function we needed to correct for the field contamination. For this, we studied the population within an outer annulus with the same area, sampling the surrounding field. The inner limit of this annulus was set at 25 from the centre of the cluster, sufficiently far from the halo (our upper limit on the tidal radius is 21. 6) to avoid including potential cluster members. In Fig. 10 we show the luminosity function in the J band for both the cluster region and the external annulus. The maximum lies at J = 14.8 mag; at fainter magnitudes, the contamination is more important than the cluster itself. We applied field decontamination and then, to prevent observational biases in the data, we corrected for completeness. Following Monguió et al. (2013) , we estimated a limiting magnitude at J =14.7 mag with a completeness limit around 90 per cent. The limiting magnitude was computed as the mean of the magnitudes at the peak star count bin and its two adjacent bins, on both sides, weighted by the number of stars in each bin.
Given the luminosity function we can estimate the total mass of the cluster by multiplying the number of stars in each bin by the mean mass of the bin. To do this, a stellar mass-luminosity relation is needed. We took it from the Padova isochrone used in the CMD (see Fig. 7 ). With this conversion, we found a value of 1 900 +1100 −600 M . We compute the errors by calculating the cluster mass within the upper and lower radius limits. We have also considered the Poissonian errors when counting the number of stars in each bin. This estimation does not take into account the effects of unresolved binarity. Following Tadross (2005a) in his study of NGC 1193, we assumed a binary frecuency of 50 per cent (Jaschek & Gómez 1970) and an average mass ratio of bi- in each J magnitude bin, for the field of NGC 6067 inside the tidal radius of the cluster (blue) compared to that of a surrounding annulus sampling the same area used to estimate the field contamination (green). The maximum lies at J = 14.8 mag. At fainter magnitudes, the number of field stars dominates the total count. The completeness limit is reached at J = 14.7 according to the criterium explained in the text.
nary systems of 1.3 (Allen 1973) . With these assumptions, the correction adds ≈ 730 M , giving a total (present-day) cluster mass of ≈ 2 600 +1 500
−800 M down to the completeness limit (i.e. MJ ≈ +3.3). This limit roughly corresponds to a G0 V spectral type, and so, when integrating the IMF, it accounts for ≈52% of the total cluster mass (for a standard Kroupa IMF). We should thus expect a total mass for NGC 6067 ≈ 5000 M ).
We can also estimate the cluster mass using a parametrised initial mass function (IMF). We used the multiple-part power law IMF defined by Kroupa (2001) . Firstly, we set the free parameter of the IMF by counting the stars within a certain mass range. We selected the stars located at the top of the main sequence, from spectral type B6 V to B9 V, where a separation from the field population is much easier. The selection was made by performing a cut-off in colour and magnitude. The cut in magnitude corresponds to −0.5 ≤ MJ ≤ +0.9. For the colour, we select −0.10 ≤ (J − KS)0 ≤ −0.06 (Winkler 1997 ), but we allow an uncertainty of ±0.05 mag, driven by the dispersion seen in the values of E(J − KS). According to the calibration of Straižys (1992) , this range of spectral types covers stars between 2.5 and 4.1 M . With these criteria, and after subtracting for field contamination as in the previous paragraph, we find 98 ± 12 stars within rt. We checked the validity of this normalisation by calculating the number of stars predicted in the 4.5 -6.0 M range, which is approximately 33 ± 4. This is compatible, though slightly smaller than the 45 stars for which we have spectra; the agreement is good when we consider only the number of stars above the MSTO. Then, by correcting for binarity and integrating the IMF, we obtain a present cluster total mass of 4 000 up to 150 M , we find a lower limit to the total initial mass of 5 700 +1 700 −900 M .
Mass segregation and virial mass
Mass segregation in open clusters has been known for a long time (Spitzer 1969) . For a dynamically relaxed cluster, during the approach towards energy equipartition, the more massive stars segregate into the cluster core as they lose kinetic energy, while the lower-mass stars reside in the outer region of the cluster (Mouri & Taniguchi 2002) . The result of this process is observed in many clusters: there is an overdensity of massive stars in the core. In addition, within this denser region, mergers are favoured leading to the formation of objects that appear rejuvenated (Schneider et al. 2016) .
We tried to find any evidence of mass segregation in NGC 6067 by counting stars. We plot (see Fig. 11 ) the normalized cumulative distribution of stars as a function of the distance to the cluster centre. We selected the stars by doing a cut-off in magnitude: 14.2 < J ≤ 14.7 (centred on 1.25 M ) and 11.7 < J ≤ 12.2 (3.0 M ). We find that more massive (brighter) stars accumulate more quickly with radius than less massive stars, inferring the existence of mass segregation in the cluster.
Since we found mass segregation in NGC 6067, and therefore it is dynamically relaxed, we can use the virial theorem to estimate the cluster mass. We need to make two assumptions: i) the cluster presents spherical symmetry, and ii) the motions of the stars in the cluster are isotropic. In this case, the three components of the velocity dispersion are equal, and so:
and finally, after operating, we inferred the mass according to this expression:
where G is the gravitational constant (G = 4.302 ·10
−3
(km s −1 ) 2 pc /M ), R is the cluster radius (tidal radius, in pc) and σ rad is the velocity dispersion calculated in Sect. 3.3. The result is a virial mass, Mvir = 6 100 +3 200 −1 700 M , compatible, within errors, with the two previous determinations. The errors reflect the uncertainties in the determination of the cluster radius.
Stellar atmospheric parameters
As previously mentioned, we divided the sample in two groups: the early stars and the late stars. We tried to ensure a self-consistent spectroscopic analysis whenever possible. We did not include any of the SB2 found, as we cannot separate the two components with a single spectrum.
Blue stars
We employed the technique described by Castro et al. (2012) , also in Lefever (2007) . The stellar atmospheric parameters were derived through an automatic χ 2 -based algorithm searching for the set of parameters that best reproduce the main strong lines observed in the range ≈ 4000 -5000Å. Two different radiative transfer codes were employed to generate two partially overlapping synthetic spectral grids: the first one uses KURUCZ atmospheric models from the ATLAS-APOGEE grid from 7 000 K to 14 000 K. In hotter stars (i.e. the earliest B-types), a more complex treatment of the radiative transfer problem, such as non-LTE processes, is needed. Stars above this temperature threshold were analysed using a grid of fastwind synthetic spectra (Simón-Díaz et al. 2011b; Castro et al. 2012) . The stellar atmosphere code fastwind (Santolaya-Rey et al. 1997; Puls et al. 2005 ) enables non-LTE calculations and assumes a spherical geometry. Table 5 displays the parameters derived for all the hot single stars.
Cool stars
We employed a methodology to derive stellar atmospheric parameters based on a list of 83 Fe i-Fe ii features, since Fe lines are numerous as well as very sensitive to stellar parameters for late-type stars. Their atomic parameters were taken from the VALD database 4 (Piskunov et al. 1995; Kupka et al. 2000) . For the Van der Waals damping data, we took the values given by the Anstee, Barklem, and O'Mara theory, when available in VALD (see Barklem et al. 2000) .
We took KURUCZ LTE plane-parallel stellar atmospheric models from the ATLAS-APOGEE grid 5 (Mészáros et al. 2012) . We expanded the grid by calculating some additional atmospheric models using ATLAS9 (Kurucz 1993) and the opacity distribution functions ODFs from the ATLAS-APOGEE web-page. Effective temperature (T eff ) ranges from 3 500 K to 7 000 K with a step of 250 K, whereas surface gravity (log g) varies from 0.0 to 5.0 dex in 0.5 dex steps. However, above 6 000 K the grid only reaches log g = 0.5 dex. Finally, in the case of metallicity (using [Fe/H] as a proxy), the grid covers from −1.0 to 1.0 dex in 0.25 dex steps. With these atmospheric models, we generated a grid of 135.2 ± 14.9 64.9 ± 26.7 15000 ± 1000 3.70 ± 0.14 260 130.0 ± 5.4 60.6 ± 33.8 12000 ± 500 3.30 ± 0.10 264 99.8 ± 23.9 < 84.3 16000 ± 1000 3.70 ± 0.10 267 113.7 ± 2.1 65.8 ± 22.6 18000 ± 1000 3.10 ± 0.10 272 * 280.4 ± 15.3 < 100.1 12000 ± 889 3.30 ± 0.26 273 248.9 ± 11.1 < 79.9 12000 ± 500 3.50 ± 0.14 274 60.5 ± 2.9 41.0 ± 15.0 13500 ± 520 3.80 ± 0.11 277 42.6 ± 4.3 61.3 ± 8.8 11750 ± 500 3.70 ± 0.21 279 23.2 ± 3.7 31.4 ± 8.5 13000 ± 1000 3.60 ± 0.10 285 64.6 ± 11.7 < 98.1 14000 ± 1000 4.00 ± 0.16 286 * 130.5 ± 11.9 < 122.7 11750 ± 500 3.30 ± 0.14 287 279.7 ± 24.1 31.4 ± 8.5 12500 ± 692 3.50 ± 0.19 288 67.9 ± 3.1 35.9 ± 6.1 12500 ± 500 3.50 ± 0.10 290 * 29.7 ± 1.6 < 115.4 9000 ± 500 1.70 ± 0.13 291 0.4 ± 0. 27.5 ± 0.8 33.8 ± 2.4 10750 ± 515 3.50 ± 0.20 * These objects are Be stars. In addition, stars 272 and 290 are shell stars and these parameters do not correspond to the actual star, but to the shell spectrum. Figure 12 . Best-fitting model for star HD 145304. The synthetic spectrum, in red, is plotted on the observed one (black). The most prominent lines are labelled.
synthetic spectra by using the radiative transfer code spectrum (Gray & Corbally 1994) . The microturbulent velocity (ξ) was fixed according to the calibration given in Adibekyan et al. (2012) .
As a starting point, we employed a modified version of the stepar code (Tabernero et al. 2012) , adapted to the present problem, that uses stellar synthesis instead of an EW method. As optimization method we used the Metropolis-Hastings algorithm. Our method generates a Markov-chain of 20 000 points starting from an arbitrary point. It then performs a statistical analysis on the resulting chain to obtain the final stellar atmospheric parameters. As objective function we used a χ 2 in order to fit the selected iron lines. We fixed the stellar rotation to the value previously derived (Sect. 3.3), and the instrumental broadening to the resolution of the FEROS spectrograph. We left the macroturbulent broadening as a free parameter to absorb any residual broadening. In Table 6 , we display the parameters obtained for the cool stars: effective temperature, surface gravity, and metallicity (in terms of [Fe/H] ).
In Fig. 13 , we show a log g-log T eff (Kiel) diagram for all the stars with atmospheric parameters. This type of diagram is independent of the distance to the cluster, and so provides complementary information to the CMDs. We also plot the isochrone that provides a best fit to the CMDs. However, we see that it is not possible to fit hot and cool stars with just a single isochrone in the Kiel diagram. Most evolved stars are more luminous than the isochrone and would thus seem to be younger than those at the top of the main sequence (but note that star 290 is really a shell star, and the parameters displayed correspond to the shell spectrum, and not the underlying star). Since the cluster contains some apparent BSSs, a second younger isochrone is added to test if all these objects could be coeval. A reasonable fit can be obtained for an isochrone with an age around 18 Ma. However, this apparent fit is unrealistic. The whole unevolved population, including the B4 V BSSc, fits the older isochrone, and so there is no evidence for a younger unevolved population. Finally, many of the evolved stars (the A-type bright giant 298 and some of the red stars) fall in between the two isochrones. Therefore we conclude that there is no real evidence for multiple populations and discuss possible causes for the poor fit in the Kiel diagram later, in Sect. 4.3.
Chemical abundances
We tried to derive chemical abundances for the hot stars, but have been unable to obtain valid results for most of our targets. The A supergiants fall outside the range of T eff included in the fastwind grid. For the late-B giants, the procedure used resulted in errors so large that the measurements were considered unreliable. This is due to the weakness of the metallic lines and the lack of the Fe atomic model in the fastwind formal solution. In the B4 -B7 stars close to the main sequence, there are no useful metallic lines, except for Mg ii 4481Å, and so no attempt to derive abundances was made. Only for the two hottest stars have we been able to determine abundances for a few elements (see Table 7 ). Once the stellar parameters are set, in order to obtain the chemical abundaces, we computed a tailored fastwind grid of models by varying the abundances of the species under study (C, N, O, Mg, and Si) and performed initially an au- Figure 13 . Kiel diagram. Green squares represent the Cepheids and yellow triangles are BSSs. Two Padova isochrones are drawn: the solid line represents the isochrone providing the best fit to the CMDs, while the dashed line is an unrealistic attempt to fit the objects that appear younger than the bulk of the cluster.
thomatic χ 2 -fitting algorithm and then a visual check for discarding weak or blended features. The technique, as well as the lines considered in the analysis ,are described in detail by Castro et al. (2012) . The errors obtained are larger than or equal to 0.2 dex, the step size of the grid used.
For the late-type stars, we employed a method based on EW s measured in a semi-automatic fashion using tame (Kang & Lee 2012) for Na, Mg, Si, Ca, Ti, Ni, Y, and Ba. We also measured EW s by hand for two special and delicate cases, oxygen and lithium, using the iraf splot task.
For lithium, we performed a classical analysis on the 6707.8Å line. We measured its EW by hand (in mÅ), using the iraf splot task. In some cases we had to correct the EW (Li) by taking into account the nearby Fe i line at 6707.4Å. The results are displayed in Table 9 . We use the standard notation, where A(Li) = log [n(Li)/n(H)] + 12. In the case of oxygen, we used the [O i] 6300Å line. This oxygen line is blended with a Ni i feature; we corrected the EW s accordingly by using the methodology and line atomic parameters described in Bertran de Lis et al. (2015) . Finally we also derive rubidium abundances using stellar synthesis for the 7800Å Rb i line, following the methodology in D' Orazi et al. (2013) , as shown in Fig. 14 .
In Table 8 we show the computed abundances for all the late-type stars in our sample. From the analysis of thirteen evolved stars (316 was not analysed because of its binary nature) we derive a supersolar metallicity for the cluster. The weighted arithmetic mean (using the variances as weights) is [Fe/H]= +0.19 ± 0.05 dex (see Table 6 ). We checked the consistency of our analysis by measuring [Fe/H] for each star using two alternative methods, equivalent widths and spectral synthesis. As shown in Fig. 16 , both methods give measurements compatible within errors. of gravity is a lower limit (these stars are close to the limit of the grid used). 
DISCUSSION
Cluster mass
We find a virial mass of Mvir = 6 100 +3 200 −1 700 M for NGC 6067. We also estimate the mass of the cluster using two different methods to count stars, both subject to large uncertainties. All three methods agree on a present-day mass around or slightly below 5 000 M . The corresponding initial mass, without taking into account dynamical losses, is roughly consistent with population synthesis models developed by Messineo et al. (2009) , who find an initial mass of ≈ 7 000 ± 2 000 for a cluster of 50 -100 Ma containing 15 evolved stars. This suggests that NGC 6067 is the descendent of a young massive cluster, similar to those found close to the base of the Scutum arm (e.g. Negueruela et al. 2011) . In fact, NGC 6067 should be (perhaps together with NGC 2354, whose age is not so well constrained) the most massive cluster among all those studied by Mermilliod et al. (2008) in the 50 -150 Ma range, since it hosts, by far, the largest number of evolved stars (15) compared with the average number (2) observed in other clusters (see Table A2 ). Another example of a moderate-age populous open cluster is M11, with a similar appearance to NGC 6067, though older (τ = 250 -316 Ma; Cantat-Gaudin et al. 2014 ). Both are situated in regions of high stellar density (Scutum and Norma Cloud respectively) and are very populous. Current mass estimates for M11 indicate an initial mass between ∼ 5 000 M and more than 10 000 M (Santos et al. 2005; Cantat-Gaudin et al. 2014) , with recent results by Bavarsad et al. (2016) strongly favouring the younger age and hence the higher mass value. The existence of these older populous clusters implies that such massive clusters have been forming regularly in the Galactic disc, and are not necessarily concentrated towards the tips of the long Bar. Both NGC 6067 and M11 are relatively nearby (d < ∼ 2 kpc) and located in low-extinction windows. However, they do not stand out strongly from their background, suggesting that similar clusters in higher-obscuration areas could be quite difficult to detect.
According to the isochrones, its red giants should have masses ≈ 6 M . M11, by comparison, has a clump of red giants with masses around 3.6 M (Santos et al. 2005 ). The only other example of a cluster of similar age with an equivalent population may be Mercer 13 (Messineo et al. 2009 ), but this cluster is heavily obscured, and its parameters are uncertain. On the contrary, in the Large Magellanic Cloud (LMC), there are several young globular clusters with similar ages and more massive than NGC 6067, such as NGC 2136 or NGC 2157, or the much more massive NGC 1850 (Niederhofer et al. 2015) .
Be stars
According to the standard definition (Porter & Rivinius 2003) , classical Be stars are non-supergiant B-type stars that show or had shown Balmer lines in emission at any time. Be stars are fast rotators (Slettebak 1949) and their high rotation is believed to be connected with the formation of a gaseous circumstellar disc around the central star, where the observed emission originates (Porter & Rivinius 2003) . However, based on extensive simulations of B-star populations, Granada et al. (2013) conclude that fast rotation alone cannot account for the existence of the Be phenomenon. The Be phenomenon has been observed in young open clusters, starting at an age ∼ 10 Ma and up to the oldest ages at which B-type stars are present (∼ 300 Ma). Mermilliod (1982a) , by considering a sample of clusters covering a wide age range, found that the Be star fraction (defined as the number of Be stars divided by the total number of B-type stars) has two peaks, one at spectral types B1 -B2 and the other at B7 -B8. However, McSwain & Gies (2005) analysed a large number of clusters in a homogeneous way, finding that the Be fraction presented a broad maximum for ages between 25 and 100 Ma. NGC 6067 is too old to host a population in the B0 -B2 range, but contains many stars in the B7 -B8 range. In fact, most of the Be stars in the cluster present a spectral type B8 (see Table 10 ). If we look at Table 5 , we can see that many of the Be stars in NGC 6067 present very high projected rotational velocities, with three of them having values around 280 km s −1 , the highest measured in the cluster (note that the value measured for star 290 represents the width of the shell lines, and not the actual v sin i). Zorec & Briot (1997) estimated at ∼ 17% the Be star fraction among bright Galactic B stars. Clusters with a high Be fraction (up to ∼ 40 per cent for early-B types), such as NGC 663 (Pigulski et al. 2001) or NGC 7419 (Marco & Negueruela 2013) , are much younger (τ ∼ 15 -25 Ma) than NGC 6067. In contrast, among 15 older clusters (ranging in age 35 -282 Ma), McSwain & Gies (2005) found only one or two definite Be stars per cluster and up to five other candidate Be stars. In NGC 6067 we find a Be fraction around 21 per cent, detecting six Be stars. This value is biased because our sample is not complete. We have only observed the brightest stars close to the MSTO (about one third of the total number of B-type stars in the cluster, since we have estimated the presence of ≈100 B-stars in Sect. 3.6). Therefore the real fraction of Be stars would probably decrease with increasing number of late-B faint stars, because Be stars are usually located around the MSTO (McSwain & Gies 2005) . According to Granada et al. (2013) , while earlytype Be stars cannot be explained by critical rotation alone, this might be the dominant physical cause of the Be phenomenon for late Be stars. In their calculations, the fraction of critical rotators is ∼ 5% for a cluster with an age around 100 Ma. The observed number of Be stars in NGC 6067 is compatible with this fraction under the reasonable expectation that there are very few or no Be stars among B8 -B9 stars still on the main sequence. 
Stellar atmospheric parameters
As seen in Figs. 6 and 7, with the exception of Cepheids (see Sect. 4.5.1 for a detailed discussion), Padova isochrones provide an excellent match to the position of both hot and cool stars in the observational CMD. However, when we plot these very same isochrones that fit best the CMDs in the log g -log T eff diagram against our derived stellar atmospheric parameters (Fig. 13) , the position of most of the cool stars seems incompatible with the isochrone. Their values of log g place them well above the isochrone. Red giants follow the isochrone very closely in the CMD, and seem to be well placed on the T eff axis of the Kiel diagram. Moreover, the temperatures obtained correlate well with spectral types and photometric colours. This suggests that the source of the discrepancy lies in the spectroscopic gravities. A search of the literature shows that this discrepancy is not peculiar to this cluster, but seems widespread (Luck 2015) . Gravities derived from Fe ionisation balance analyses are consistently lower (and thus luminosities are consistently higher) than those inferred from photometric calibrations or isochrones. This behaviour has been attributed to non-LTE effects (Allende Prieto et al. 2004 ), but its ultimate origin is unclear at the moment (Luck 2015) . In addition to this well-known problem, we must not forget that the stars in NGC 6067 are very luminous compared with typical red giants, and the models used may be stretched to their limits, where NLTE effects and the consequences of extension start to be felt. As a test on this hypothesis, we plot in Fig. 17 the Hertzsprung-Russell (HR) diagram, where luminosity has been derived from photometry instead of gravity. From the V magnitudes (see Table A1 ), we calculated luminosities by using different bolometric corrections for the hot (Kurucz 1994 ) and cool stars (Masana et al. 2006) . The overall fit to the isochrone is now improved, giving support to the idea that the spectroscopic gravities, as suspected from Fig. 13 , are somewhat lower than they should be. Even though the agreement between the two methods based on photometry is not surprising, the excellent match when the photometry is combined with the spectroscopic T eff strongly points to the spectroscopic gravities as the cause of the discrepancy. Luck (1994) calculated temperatures, surface gravities and abundances for the two Cepheids and five other stars in the cluster. In Table 11 , the parameters for these five stars are confronted with our results. In general, our temperatures are cooler than those of Luck (1994) . Only for star 298 (estimated with our hot grid) the temperature is hotter, though compatible within the errors. In addition, for this star and for star 275, discrepancies in both T eff and log g are noticeable. We have to note, however, that 275 is the second brightest star in the cluster in KS (less than 0.1 mag fainter than 261), and, given the similar spectral type, the value of log g found by Luck (1994) seems too high. Moreover, the higher temperature found for 275 by Luck (1994) is at odds with its spectral classification and the similarity of its infrared magnitudes and colours to those of 276. Aside from these inconsistencies, differences between our and Luck's analysis can be explained by the different methodologies employed. Our analysis is done with a purely spectroscopy approach based on modern KURUCZ models (Mészáros et al. 2012) , whereas Luck (1994) derives photometric stellar parameters and uses old MARCS atmospheric models. The underlying physics of the atmospheric models has been substantially revised since then, from atomic parameters to opacities (a review of this topic is found in Mészáros et al. 2012) .
In Table 12 , we list the parameters found in the literature for the two Cepheids (Luck 1994; Fry & Carney 1997; Genovali et al. 2014) . Since these stars are pulsating variables, their parameters depend on the moment of the observation (especially the effective temperature) reason for which the aim of Table 12 is only qualitative, to collect previous results. A proper comparison, nevertheless, is not possible because the Cepheids have been observed at different times of their variability cycle 6 . However, all authors when comparing both Cepheids show the same trend: QZ Nor has a higher temperature, gravity and iron abundance than V340 Nor. There are two columns for the [Fe/H]: the first one is the [Fe/H] as it appears in each paper, whereas in the second column, every [Fe/H] is rescaled to ours for a more adequate comparison (see next subsection). 
Stellar chemical abundances
In Table 13 , we compare the iron abundance found in the literature to our results. Three studies estimated it on the basis of a photometric calibration (Ph) whereas Luck (1994) and this work derived it by directly analysing the spectra (Sp). Our value for the cluster metallicity, [Fe/H]= +0.19±0.05, is higher than previous results. It must be noted, however, that Luck (1994) used as solar reference the abundances listed in Grevesse (1984) , A(Fe) = 7.67, while in this work we have taken A(Fe) = 7.45 (Asplund et al. 2005 ). If we rescale both values to the same solar abundance (Asplund et al. 2005) , the two results differs by only 0.04 dex, and are compatible within their errors. It is noteworthy that the metallicity derived in the present work by analysing evolved stars is fully consistent with the Galactic gradient calculated by Genovali et al. (2014) by using classical Cepheids.
As mentioned, only Luck (1994) has previously determined chemical abundances for stars in NGC 6067. In Table 14 we show the mean abundances, together with their rms, for the stars (6) and the chemical elements (9) that we have in common with him. On average, we do not find significant differences between the abundances obtained in both studies. The largest differences, up to 0.3 -0.4 dex, are found for sodium and magnesium, but the values are still compatible within the errors.
NGC 6067 seems to be chemically homogeneous since the star-to-star scatter for each chemical element can be explained by the propagation of uncertainties in the determination of the abundances. All the stars are grouped around the average cluster value with the exception of the Cepheid QZ Nor that appears shifted to very high [Fe/H] (see Fig. 18 ). Although the individual errors are high, all the elements analysed show the same behaviour. At present, we cannot offer an explanation for these high abundances, but note that the same trend is seen in the analysis of Luck (1994) , who observed it with an F6 Iab spectral type. The only other star that presents very high abundances for a few elements is 261, the brightest red star. This again points to a failure of the models to reproduce the most luminous stars.
We derived a roughly subsolar [Y/Fe] against a supersolar [Ba/Fe], which is in good agreement with the dependence on age and Galactic location found by Mishenina et al. (2013) young open clusters, in apparent conflict with the standard model (see their fig. 2 ). Finally, in Fig. 19 , we compare our abundances with the Galactic trends ([X/Fe] vs [Fe/H]) obtained by González Hernández et al. (2010 Hernández et al. ( , 2013 for each element. For Na and Ni the relative abundance found is solar; for Si and Ba, it is supersolar; and for the rest of elements (Mg, Ca, Ti, and Y) we found a subsolar value. In all cases our results are compatible, within errors, with those expected for a cluster with this age and position in the Galaxy.
Lithium
According to canonical models (Iben 1967b,a; Soderblom et al. 1993) , lithium (Li) depletion in giant stars is a natural consequence of stellar evolution. During the first dredge-up this external envelope reaches internal regions removing the inner material outwards. One consequence is the overall dilution of Li, decreasing its abundance down to an upper limit of A(Li)=1.5 dex (Charbonnel & Balachandran 2000) . In good agreement with this scenario, Li is not found, or just in a small amount, in most of the stars studied. Only stars 303, 247, and especially 276 show a supersolar abundance.
In particular, star 276 shows a high lithium abundance, A(Li) = 2.41, which represents a value 23 times greater than solar. Luck (1994) gives Li abundances for 276 and 303. For the latter, his rescaled abundance, A(Li) = 1.12, is almost identical to our value (1.15), whereas for star 276 his abundance, A(Li) = 1.30, is significantly smaller than ours 7 (2.41). Interestingly, the Li-rich star 276 has the latest spectral type and is the coolest star in the cluster (star 261 is equally cool within the errors). It is also the star with the highest Rb abundance in the cluster, although it shows a subsolar value. These unexpected stars, around one per cent of all the giants studied, have been discovered in isolation (Brown et al. 1989) , as well as within open clusters . Different internal and external scenarios have been proposed to explain this overabundace. The Cameron & Fowler (1971) mechanism (CFM) can produce Li via the hot botton burning (Sackmann & Boothroyd 1992) in intermediate-mass stars during the AGB phase as well as during the RGB phase in low-mass stars (Sackmann & Boothroyd 1999) , although it requires an extra mixing process. Other mechanisms proposed to explain the presence of extra Li are the engulfment of a sub-stellar companion (Siess & Livio 1999; Aguilera-Gómez et al. 2016) or interstellar medium enrichment caused by a SN explosion (Woosley & Weaver 1995) . As the cluster chemical composition (and that of star 276) is on the galactic average, the SN explosion scenario can be discarded. Given its very low abundance of s-process elements, such as Rb, and its position on the CMD, 276 should not be an AGB star, and so the CFM is also rejected. After discarding all other possibilities, the engulfment of a planet or a brown dwarf by the star could be a plausible explanation, but our data cannot confirm or discard it. To shed some light on this issue, we should determine the 6 Li/ 7 Li ratio, for which a spectrum with rather higher resolution is needed. 
Cepheids
NGC 6067 hosts two well-studied classical Cepheids: V340 Nor and QZ Nor. Cepheids in clusters are useful calibrators and thus several recent papers have analysed in detail membership criteria (Majaess et al. 2013; Anderson et al. 2013; Chen et al. 2015) . All of them confirm that both Cepheids belong to NGC 6067, based on many parameters: radial velocities, Wesenheit distances and radial velocitydistance gradient in Majaess et al. (2013) ; spatial, kinematic and population-specific membership constraints in Anderson et al. (2013) .
Both Cepheids present quite similar spectra, appearing as early-G supergiants in our data. They have different pulsation periods (P ) inferred from well-studied light curves (Laney & Stobie 1994) : V340 Nor is a fundamental mode pulsator (P = 11.30 d), whereas QZ Nor is an overtone mode pulsator (P = 3.78 d). According to these periods, Majaess et al. (2013) , by using different period-age relations (Efremov 2003; Bono et al. 2005; Turner et al. 2012) , estimated the age of the Cepheids (see their table 1). The mean age of QZ Nor (89 ± 13 Ma) is in good agreement with that obtained in this work for the cluster. Contrariwise, V340 Nor (with an average 52 ± 10 Ma) appears younger than the cluster itself. However, as recently shown by Anderson et al. (2016) , ages derived from pulsation periods are subject to large uncertainties, sometimes close to 100 per cent, due to a number of physical effects. Among them, the initial rotation of the star has a strong impact on its observed properties as a Cepheid. The relation between initial rotation and pulsation period is not monotonic, and the strongest effects are seen for initial rotational velocities close to those typically observed in this mass range (the "average rotation" case in Anderson et al. 2016) . Using their period relations for this case and solar metallicity, we would obtain ages of 71 and 110 Ma for V340 Nor and QZ Nor respectively. These ages are compatible with that of the cluster, within the errors estimated in this work. However, the two Cepheids occupy different positions in the CMDs (Figs. 6 and 7 ) and the Kiel diagram (Fig. 13) .
By using the Period-Mass relations from Anderson et al. (2014) and Anderson et al. (2016) , we derive masses for the Cepheids: 6.1 ± 0.5 M for V340 Nor and 5.3 ± 0.4 M for QZ Nor (having taken into account that it is an overtone pulsator). According to the isochrone, the most evolved stars have masses very slightly below 6 M . Thus, the masses of the Cepheids, estimated with calibrations from models including the effect of rotation, are compatible with those expected for the cluster members. Unfortunately, the period evolution, which could greatly constrain their evolutionary stage, cannot be determined yet for these two Cepheids (Majaess et al. 2013) .
Our abundance analysis results in a chemical composition for V340 Nor fully compatible with the cluster average. However, QZ Nor is much more metal-rich, a result also found by Luck (1994) . Given that all existing analyses confirm membership for QZ Nor, we can offer no explanation for this discrepancy. We do not expect stars with such a high metallicity at this Galactocentric distance, while the observed properties of QZ Nor (P , reddening, etc.) are incompatible with the much higher distance at which this metallicity is expected according to the Galactic gradient. Perhaps an unresolved binary companion could lead to artificially high abundances. Accurate Gaia distances will soon definitely resolve this issue.
Cepheids/RG ratio
Cepheids are yellow supergiants in the mass range 3 -10M . These intermediate-mass stars evolve from the main sequence, where they are B-type dwarfs, and cross the instability strip (IS), where they are subject to pulsation and become Cepheid variables, three times. The first crossing is during the H-shell burning (before the first dredge-up) and very short (for a typical ∼ 5 M Cepheid, it lasts less than one per cent of the lifetime in the Cepheid phase; Anderson et al. 2014) . They cross twice more, during He-core burning, as they trace the blue loop.
Comparing the observed number of stars in two regions of the HR diagram, red giants (RG) and Cepheids (Cep), provides a very stringent test on different stellar evolution models. Based on Geneva stellar models at solar metallicity (Ekström et al. 2012) , we calculated the theoretical ratio t loop /t red , i.e. the time spent by the star in the blue loop versus that in the RG branch. For this purpose, we drew a line parallel to the Hayashi limit, shifted blueward by log ∆ T eff = 0.045. This value was chosen in order to retain all the stars in the red clump (equivalent, in Fig. 7 , to Asplund et al. (2005) , derived in this work with those of Luck (1994) . Solid circles represent the stars used to calculate the abundance of each element. (J − KS)0 ≈ 0.6). The lifetime to the right of this line is considered as t red , while the time spent to its left is adopted as t loop . In order to avoid an overlap, we considered a small gap of log ∆ T eff = 0.005 between both regions. With these definitions, for a 6 M star we find a t loop /t red = 0.60 (models with no rotation) or 0.66 (for an initial rotation rate, V /Vcrit = 0.4) in good agreement with the first case from Matraka et al. (1982) . They calculated t loop /t red = 0.64 (with overshooting) and 1.64 (no overshooting). As shown by Anderson et al. (2016) , introducing the effects of initial rotation does not significantly affect the extent of the instability strip, but impacts on the luminosity of stars and the extent of the blue loops. The numbers observed in NGC 6067, 2 Ceps per 12 RGs, i.e. a ratio of 0.17, differ significantly from this prediction. To check this discrepancy, we searched for similar clusters in order to estimate this ratio in a sufficiently significant sample. In the whole Milky Way, besides NGC 6067, there are only two other open clusters containing more than one Cepheid 8 . The first one is NGC 7790 that hosts three: CEab Cas (a binary system in which both components are Cepheids) and CF Cas (Kraft 1958) . The second cluster is NGC 129. Traditionally it was thought to contain only one Cepheid, DL Cas (Kraft 1957a ), but recently Anderson et al. (2013) suggested the membership of V379 Cas, confirmed by Chen et al. (2015) . This addition creates an interesting similarity to NGC 6067: DL Cas is a fundamental pulsator located in the cluster core, whereas V379 Cas is an overtone pulsator in the halo. These three clusters have roughly the same age, but present very different Cepheids/RG ratios.
Element
There are a few other clusters containing one Cepheid at a similar age. Photometric data available in the WEBDA database were used to derive their age (as done in Sect. 3.4.2). The number of confirmed evolved members was taken from Mermilliod et al. (2008) . In Table 15 , we show the ratio of the number of Cepheids to the number of RGs in all these clusters. This sample, however, is obviously biased, as the clusters have been selected precisely because they contain Cepheids. To obtain a more representative sample, we have taken all the clusters in the age range 50 -150 Ma 8 Recently, Chen et al. (2015) have claimed membership of the Cepheids CN Sct and TY Sct in the open cluster Dolidze 34. Unfortunately, this cluster is too poorly characterised to provide any meaningful analysis of its population present in the sample studied by Mermilliod et al. (2008) , using for this task the ages provided by the WEBDA database. This latter list provides a more suitable sample of clusters containing evolved members for this comparison. We display in Table A2 the number of red giants present in every cluster. At solar metallicity, tracks for moderately massive stars (7M and above) present the hot side of the loop at warmer temperatures than the blue edge of the IS. This means that the number of F-type (super)giants may be higher than the number of Cepheids. Mermilliod et al. (2008) do not separate yellow and red (super)giants, but we have marked in Table A2 all the cluster members whose published spectral types and colours identify as yellow (super)giants.
In total, in this age range we find 53 clusters containing 23 yellow (super)giants, not only Cepheids, and 112 RGs. The overall ratio, i.e. YSGs/RGs = 0.21, is smaller than one, in disagreement with the ratios calculated above for solar metallicity. This ratio is indeed very sensitive to the extension of the blue loop, which not only depends on the amount of overshooting but is also very sensitive to metallicity and input physics (Matraka et al. 1982; Ekström et al. 2012 ).
Since increased metallicity decreases looping (Ekström et al. 2012; Walmswell et al. 2015) , in the supersolar Padova isochrones He-burning happens away from the IS and, therefore, stars do not reach the locus of Cepheids. At the metallicity that we find for NGC 6067 (see Fig. 21 ) no Cepheids are predicted at this age. Indeed at this metallicity, only stars in the ≈ 8 -10 M range have pronounced blue loops, in contradiction with the masses that we find for our Cepheids. Moreover, by Z = 0.45, the loops are suppressed at all masses. However, Genovali et al. (2015) find a high number of Cepheids with metallicities > 0.4. All these high-metallicity Cepheids have P > 10 d and are thus relatively massive, but this could be a selection effect, because only the most luminous Cepheids can be observed towards the inner regions of the Galaxy (at high distance and beyond moderate extinction), where these high metallicities are found. Therefore, we conclude that the supersolar tracks suppress the Cepheid loops more efficiently than the observations suggest. Unfortunately, there are no supersolar Geneva models available yet for a proper comparison to our data. Both sets of isochrones, Padova (Girardi et al. 2000; Marigo et al. 2008) and Geneva (Ekström et al. 2012; Georgy et al. 2013) , are quite different regarding the solar composition (Y=0.273, Z=0.019 and Y=0.266, Z=0.014, respectively) or the input physics: Padova models include more overshooting (in terms of dover/Hp) than Geneva models (0.25 vs. 0.10) and do not take into account rotation, as Geneva models do. For comparison, in Fig. 21 we also include a Geneva isochrone at solar metallicity (as this is the highest metallicity available in Geneva models) and an average rotation (ω = Ω/Ωcrit = 0.5). We see that the extension of the blue loop in the Geneva model is larger than in the Padova one. Moreover, Anderson et al. (2016) find that the extent of blue loops also decreases with increasing metallicity for the Geneva models. It is thus quite possible that supersolar Geneva isochrones, could still reach the IS at the cluster metallicity, since they seem to have wider loops than Padova models at all metallicities.
On the other hand, the fact that NGC 6067 has the lowest Cepheid/RG ratio of all the clusters listed in Table 15 suggests that high metallicity really inhibits the formation of Cepheids. The two clusters in the Perseus arm, which are expected to have the lowest metallicity in the whole Galactic sample, have ratios 3/0 and 2/2, in contrast with the clusters towards the inside of the Galaxy, which typically have more RGs than Cepheids. The LMC young globular cluster NGC 1866, which has a metallicity around 0.5 Z has about the same number of blue and red giants, including 24 Cepheids (Musella et al. 2016) . Although it has an age similar to NGC 6067 (around 100 Ma), NGC 1866 is much richer (≈ 5 x 10 4 M ; Mucciarelli et al. 2011) , and again provides a statistically significant sample on its own.
Blue Straggler candidates
BSSs are stars that seem much younger than the rest of the cluster population. They lie above and bluewards of the turn-off point in the CMD, where no stars are expected on the basis of standard stellar evolution, under the assumption that all cluster stars are coeval. Several channels have been suggested to produce these objects, but those most accepted are: (i) the merger of two stars induced by stellar collision and (ii) coalescence or mass-transfer between the companions in a binary system (Perets & Fabrycky 2009 ). The first mechanism is only believed to work effectively at very high stellar densities, never reached in Galactic open clusters.
In this work we found three likely BSSs. Ahumada & Lapasset (1995) gave a list of seven BSS candidates in this cluster. When we examine spectral types and position on the CMDs (see Figs. 6 and 7) , Kiel (Fig. 13 ) and HR diagrams (Fig. 17) only two of their objects can be considered good BSS candidates: 267 and 264. Their five other candidates are normal B-type stars on the main sequence. Star 264, with spectral type B4 V, is only a weak candidate for a BSS, slightly to the left of the MSTO, a location that can be easily explained if, for example, we assume that the star was initially a faster rotator than the average, by comparing isochrones from Georgy et al. (2013) with different rotation rates. Star 267 is a much more obvious BSSc, much earlier and brighter than all the other blue cluster members, and had already been proposed as such by Mermilliod (1982b) and, more recently, de Marchi et al. (2006) . The third BSSc, nominated here for the first time, is HD 145304. It is very similar to star 267, both in spectral type and parameters, but lies far away (≈ 9 ) from the cluster core, and thus its membership had not been previously noticed. The spectral types and positions in the CMD of these two stars suggest that they have ≈ 10 M .
The chemical composition of these two stars can give us some hints as to the most likely mechanism to have generated them. The collisional channel predicts no chemical signatures (Lombardi et al. 1995) , whereas the mass transfer mechanism may be accompanied by anomalies in the CNO abundances, because of the mixing with material coming from stellar regions where CNO burning occurs (Sarna & De Greve 1996) . According to this and after consulting the abundances obtained for stars 267 and HD 145304 (see Table 7 ), we infer that these BSSs probably have a mass transfer origin. They present low abundances of carbon and, at the same time, a strongly enhanced nitrogen. In fact their N/C ratios are 61.7 and 3.9 respectively, much higher than that expected for non-evolved B stars, around 0.3 (Nieva & Przybilla 2012) . The latter abundance could also be caused by strong rotational mixing in a very fast rotator, but, according to the tracks by Georgy et al. (2013) , fast rotation alone cannot explain the brightness of these stars or their high temperatures, especially in the case of star 267.
In addition to these objects, which fulfill the conditions to be considered good BSS candidates (a blueward position in the CMD, an evolved chemical composition and an earlier spectral type than MSTO), there are two other stars in the cluster whose spectral types and luminosities suggest that they are more massive than their peers. One of them is the A-type supergiant HD 145324. The parameters of this object are quite similar to those of star 298, which falls right on the cluster isochrone, but is more than one magnitude fainter (see Fig. 7 ). HD 145324 lies more than 8 away from the cluster centre, but its radial velocity confirms that it as a halo member. The other object is the K supergiant 261. It is the brightest star in the infrared, and the only red star that is decidedly a morphological supergiant, and it is located at the cluster core.
These objects are likely to be the result of the evolu- Sandage (1958) . Here are cited the authors who suggested for the first time the cluster membership for each Cepheid. The reader will find a more complete set of references in Anderson et al. (2013) .
* * * NGC 6649 contains a second F (super) giant that is not a Cepheid.
tion of BSSs because the difference in brightness with other members of similar colours and spectral type seem too large to be explained by rotation alone. According to Mermilliod (1982b ) or de Mink et al. (2014 these mass gainers are expected to be among the brightest stars in young clusters, often at the cluster core where the stellar density is higher.
CONCLUSIONS
We have performed the most complete analysis to date of NGC 6067, by combining archival photometry (optical and 2MASS) and high-resolution spectroscopy. Many of the stars forming our sample have been observed in this work for the first time. We provide spectral classifications and parameters for them. We also notice the presence of several SB2, Be stars and BSSs. We derive stellar atmospheric parameters for over 40 cluster members, using tailored models for stars across the whole HR diagram. We find that NGC 6067 is located at a distance of ≈ 1.8 kpc, and has low reddening, E(B − V ) = 0.35 mag. We confirm the cluster age derived from isochrone fitting, around 90Ma, using two different approaches: the spectral type around the MSTO (B6 V) and the theoretical HR diagram, built from our stellar parameters. This age is compatible with the parameters of the two classical Cepheids contained in the cluster. There are two obvious BSS candidates, one of which, star HD 145304 was found for the first time in this work. There are two other members (stars 261 and HD 145324) that seem too bright for the cluster age, most likely testimony to the consequences of mass transfer in interacting binaries.
From star counts, we estimate a present cluster mass in the range 4 000 -5 000 M , compatible with the virial mass, which corresponds to an initial mass up to 7 500 M , comparable to that of the populous cluster M11. NGC 6067 is the most massive Galactic cluster in the 50 -150 Ma range that has been characterised and, in consequence, contains the largest population of evolved massive intermediate-mass stars (around 6 M ) in the Milky Way. From their analysis, we find a supersolar metallicity, with an average value of [Fe/H] = +0.19 dex. We also calculated abundances of O, Li, Na, some α-elements (Mg, Si, Ca, and Ti), Ni (Fe-group element) and some s-elements (Rb, Y, and Ba) for a sample of thirteen cool stars. We deduce a homogeneous chemical composition for NGC 6067, compatible with abundance gradients in the Milky Way. We identify a Li-rich star (276, with A(Li) = 2.41), which also happens to be the coolest cluster member and have the highest, although still subsolar, Rb abundance. Our results support the enhanced "s-process" model because of the over-abundance of barium.
The parameters derived by the fastwind analysis for the hot stars agree very well with the fits to the optical and infrared isochrones, which manage to fit very well the position of the MSTO and the red giants. The parameters derived for the cool stars reproduce the temperatures very well, but there are significant discrepancies between the luminosities inferred from photometry and isochrone fitting and those spectroscopically derived from effective gravities. In addition to this effect, the location of the Cepheids, is not well matched. Supersolar metallicity Padova models do not predict the existence of Cepheids at this age. The low ratio of Cepheids to red giants in NGC 6067 when compared with clusters in lower-metallicity environments gives support to a strong dependency of the blue loop characteristics on metal content. It seems, however, that current models overestimate this effect.
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